Objectives: Cervical spine injuries (CSIs) after blunt trauma in children are rare, but cause substantial morbidity and mortality. Emergency medical services (EMS) and emergency department (ED) providers routinely use spinal precautions and cervical spine imaging, respectively, during the management of children experiencing blunt trauma. These practices lack evidence, and there is concern that they may be harmful. A pediatric CSI risk assessment tool is needed to inform EMS and ED provider decision making. Creating this tool requires prospective data collection from EMS and ED providers at the time of patient evaluation. The purpose of this article is to describe the methods used to prospectively capture paired EMS and ED provider observations of children cared for after blunt trauma. Given the rarity of prospective observational research with EMS, the novel use of Research Electronic Data Capture (REDCap) in this study, and the potential to inform future studies, we are publishing our methodology in advance of outcome data related to the risk assessment tool.
Results: Over 18 months, we prospectively enrolled 4,144 of 5,764 (71.9%) eligible children, including 74 of 110 (67.3%) children diagnosed with CSI. Enrollment during RC hours was 85.9%. Fifty-three enrolled children were withdrawn from the study. Of those in the final study cohort, 36.5% arrived by EMS scene response in spinal precautions. The remaining 63.5% arrived by EMS scene response without spinal precautions or by private vehicle or interfacility transfer. EMS scene response providers completed surveys for 60.2% of enrolled children arriving in spinal precautions. RCs missed the EMS providers for 37.1% of children; however, EMS declined participation for only 2.6%.
Conclusions: Our method of data collection demonstrates the ability to prospectively capture paired observations from EMS and ED personnel for children undergoing evaluation after blunt trauma. While this methodology will be used to implement and evaluate a CSI tool in future studies, it may also be adapted to studies requiring prospective data collection from EMS and ED personnel. C ervical spine injuries (CSIs) after blunt trauma in children are rare but cause substantial morbidity and mortality. [1] [2] [3] The process of evaluating children for CSI after blunt trauma spans the prehospital and hospital settings ( Figure 1 ). Emergency medical services (EMS) providers frequently use spinal precautions (cervical collars and immobilization using rigid longboards) to prevent further neurologic injury in children with potential CSI. This practice, however, is variable and of unknown efficacy, and may be associated with adverse effects. [4] [5] [6] [7] [8] [9] [10] [11] [12] For children that are at negligible risk of CSI, prehospital spinal precautions may cause increased pain and interfere with emergency department (ED) providers' examinations, resulting in increased reliance on radiographic evaluation of the cervical spine. 12 Of particular concern is the increasing use of computed tomography (CT) during trauma evaluations and associated radiation risks. 13, 14 There is increasing awareness that the current process of managing children for potential CSI lacks evidence and results in harms for many children who experience blunt trauma but are at negligible risk of CSI. 15, 16 There is a need for an evidence-based guideline for CSI evaluation in children to inform EMS and ED provider decision making regarding spinal precautions and imaging. 16, 17 The development of current adult guidelines for CSI evaluations was based on risk assessment tools developed using ED provider observations solely. [18] [19] [20] Evaluation of these tools in the prehospital environment has been controversial with EMS providers demonstrating appropriate application of these tools; however, agreement between EMS and ED providers on CSI clinical assessment ranged from poor to excellent. [21] [22] [23] [24] [25] [26] This highlights the limitations to developing clinical decision rules exclusively in the ED setting when they are intended to also be used in the prehospital environment. Creating a pediatric CSI risk assessment tool for a CSI evaluation guideline requires prospective data collection from EMS and ED providers during or shortly after patient evaluation. Such a tool could be used during the care of injured children to determine which children are at nonnegligible risk for CSI and thus require spinal precautions and/or cervical spine imaging.
The "Pilot Study to Develop a Cervical Spine Injury Risk Assessment Tool" was conducted at four tertiary children's hospitals associated with the Pediatric Emergency Care Applied Research Network (PECARN) as a requisite for a planned larger study. The purpose of this article is to describe the methods used to develop and implement an electronic data collection system for prospective capture of EMS and ED provider observations for children evaluated in the ED after blunt trauma.
METHODS

Patients and Setting
We conducted a prospective cohort study of children younger than 18 years in four EDs associated with PECARN. The study was approved by the institutional review boards (IRBs) at each of the participating institutions prior to data collection. All participating hospitals are free-standing children's hospitals with pediatric EDs that are staffed by pediatric emergency medicine (PEM) faculty and fellows primarily, but also by midlevel practitioners, general pediatricians, and general emergency medicine faculty in some instances. All four sites are verified American College of Surgeons Level I pediatric trauma centers. Annual patient volumes across the four EDs range from 50,000 to 85,000. We enrolled children from March 2014 to November 2015: three sites enrolled for 18 consecutive months and one site enrolled for 12 months.
Inclusion and Exclusion Criteria
Inclusion criteria were 1) age younger than 18 years at the time of study enrollment and 2) presenting to the ED after known or suspected blunt trauma. In addition, children required one of the following: initiation of spinal precautions for transport by EMS (if involved), trauma team evaluation in the ED, or cervical spine imaging while in the ED. Exclusion criteria included penetrating trauma (e.g., gunshot wounds or stabbing), a substantial language barrier, or state's custody prior to ED arrival. Enrollment typically occurred between 8 am and midnight, 7 days per week, with minor variability in enrollment hours across sites. Enrollment only occurred when research coordinators (RCs) were available.
Data Collection
We created a branch-logic questionnaire via Research Electronic Data Capture (REDCap). 27 REDCap is a secure, Web-based application designed to support data capture for research studies, providing 1) an intuitive interface for validated data entry, 2) audit trails for tracking data manipulation and export procedures, 3) automated export procedures for seamless data downloads to common statistical packages, and 4) procedures for importing data from external sources. REDCap is currently in use at over 2,000 institutions and over 100 countries. Our REDCap questionnaire was built by an informatics expert with experience in REDCap at the lead site. The build took place during September 2013 through February 2014 and required approximately 240 hours to complete, which included pilot testing the survey tools. REDCap surveys were administered using a tablet computer (iPad 2, 9.7-in. screen) that was connected to the Internet through a secure Wi-Fi connection. The survey format and iPad settings were optimized to ensure readability and ease of touchscreen response.
We collected information in the questionnaire regarding factors we determined a priori to be plausibly associated with CSIs in children. This included mechanism of injury, preexisting medical conditions that predispose to a CSI, and elements of the patient history and physical examination. The survey was pilot tested with the ED providers and the EMS agencies that provide the predominant trauma care within the catchments of the four participating children's hospitals. The data elements and data collection instruments were modified based on EMS and ED provider feedback. This group comprised approximately 100 EMS and 30 ED providers. Three questionnaires were developed in REDCap using its survey queue functionality. This function allows surveys to be administered separately but linked internally. Branching logic was used to launch the correct survey based on the eligibility criteria. The ED RCs used a public link to launch the survey queue, thereby protecting the information of other subjects enrolled in the study. Using a public survey link also allowed the ED RCs to simultaneously enter surveys for multiple participants, across multiple sites. ED RCs first used a screening survey to determine participant eligibility based on the study criteria and to direct the survey data to the appropriate study site REDCap Data Access Group for protection of private health information. If eligible and applicable, the RC's responses to the screening survey triggered a survey that was completed by an EMS provider who provided scene response care and transported the child to the ED. RCs approached EMS personnel in the ED after they provided report to the ED staff. As soon as the EMS survey was completed, a survey was cued for an ED provider involved in the same child's care. For those children whom either had no EMS scene response encounter or the EMS provider observations could not be obtained, the survey queue skipped directly to the ED provider survey. The ED provider surveys were completed by PEM attendings, PEM fellows, general pediatricians, general emergency medicine physicians, or midlevel providers (e.g., nurse practitioners or physician assistants). An ED provider survey was required for enrollment.
ED and EMS personnel were blinded to each other's responses, as survey respondents were unable to view questions answered on the survey by the other provider. If a provider needed to stop the survey and complete it later, a password was provided that allowed the provider to return only to his or her survey by public link. The surveys were required to be completed during the shift that the child was under the ED provider's care. Children transferred to the EDs from outside hospitals were eligible for the study; however, surveys were not solicited for the observations of interfacility EMS as only scene response EMS observations were gathered for the study. We did not collect any identifying information about the ED and EMS providers during the course of the study. Thus, ED and EMS providers were classified by our IRBs as proxies and not as research participants or engaged researchers. As such, the traditional informed consent process was not required for their participation.
For children who arrived from the scene via EMS, participating EMS and ED providers were asked the same questions regarding injury mechanism, history and physical examination findings, and their suspicion for the presence of CSI. In addition, ED providers were asked questions regarding cervical spine imaging studies obtained and the factors that led to the decision to obtain imaging. EMS and ED providers were prompted by REDCap to answer all questions presented to them; however, all history and physical examination questions provided an option to indicate if the provider either did not know the answer or did not assess for a particular examination finding. Based on provider responses, REDCap generated additional forms for completion by study investigators and RCs, which were then completed by medical record review or phone call after the patient visit.
The study was conducted under waiver of informed consent for the collection of prospective observational data and medical record review and by waiver of written informed consent for the telephone survey of the guardians of children who did not undergo cervical spine imaging. If a patient entered the state's custody after enrollment, patient data from after the change of custody were not reviewed or abstracted. All families of enrolled children were given a letter of enrollment, either in the ED or by mail, informing them of their child's involvement in the study. The letter provided contact information to allow families to withdraw their child from the study if desired.
We completed enrollment in early November 2015. By February 2016, all subject records were completed, data were cleaned, and the analytic data set was locked for analysis.
Outcome Measures and Quality Assurance
The primary study outcome was the presence or absence of CSI. We defined CSI as fracture of the cervical spine, ligamentous injury to the cervical spinal column, intraspinal hemorrhage, changes to the cervical cord on MRI, or any documentation of cervical spinal cord injury without radiographic association. Injuries were classified by the site principal investigator based on a review of imaging studies and spine service documentation. This was determined by 1) ED imaging diagnostic of CSI, 2) retrospective review of enrolled patient's medical records for up to 21 days after enrollment for subsequent imaging diagnostic of CSI, and 3) telephone follow-up at 21-28 days for those who did not receive imaging. The latter measure was instituted to ensure that the study accounted for children who may have sought subsequent care and obtained cervical spine imaging at nonstudy sites. Site RCs uploaded all cervical spine imaging reports and all inpatient and outpatient spine service documentation into REDCap. In cases where injury status was not clearly documented or ascertained based on imaging or spine service documentation, the site investigator consulted the treating spine surgeon or the study spine surgeon to review the data and definitively classify the child's injury status.
Quality assurance was conducted continuously both throughout the study and after study completion. REDCap generates data quality reports to facilitate continuous identification of missing or incorrectly coded information. When necessary, this was supplemented by manual review of medical records by study investigators and RCs to remedy errors.
Statistical Analysis
We primarily used descriptive statistics (medians, counts, and frequencies). To compare those children who were enrolled in the cohort to those that were not, we used chi-square tests to compare proportions between groups and the Wilcoxon test to compare ages between groups. P-values of less than 0.05 were considered significant. Figure 2 illustrates enrollment and retention in the study cohort. During the study period there were 5,764 children eligible for enrollment, including those who presented when no RC was available. We enrolled 4,144 (71.9%) of all eligible children, including 85.9% of children that presented during RC hours. Fifty-three children were withdrawn from the cohort by their guardians, giving a final study cohort of 4,091 children (71.0%) of whom 74 (1.8%) had CSI. This represents the cohort that will be used for future analyses resulting from this study. Table 1 describes the enrollment rates of children eligible for our cohort by relevant subcategories. We classified children as either scene response (children brought to the ED in spinal precautions by EMS) or others (non-scene responses and scene response brought by EMS without spinal precautions). Table 1 also provides the number of eligible and enrolled children with CSIs; we enrolled 67.3% of children diagnosed with CSIs. A total of 72.2% of missed children with CSI occurred outside of RC coverage hours. EMS provider refusals to participate were uncommon, with most missing EMS surveys occurring when RCs were available but unable to establish contact with EMS providers before they departed the ED. Table 2 describes the patient characteristics of both enrolled children and eligible children missed for enrollment. This includes those diagnosed with CSIs. Enrolled children were slightly older and more likely to be African Americans than missed children. Enrolled children were more likely to be involved in motor vehicle crashes including those involving all-terrain vehicles and motorcycles. There were more "other" and "unknown" mechanism of injury responses in the missed population. Missed children were less likely to have received spinal precautions by EMS and to have undergone trauma team evaluation but more likely to have received cervical spine imaging in the ED. Missed patients were also less likely to be discharged home from the ED. The only difference between the enrolled and missed children who were ultimately diagnosed with CSI was that enrolled children with CSI more likely arrived in the ED with spinal precautions.
RESULTS
Times for survey completion were calculated from internal logging time stamps within REDCap. The median time and interquartile range (IQR) to complete the electronic surveys was 1 minute (IQR = 0-2 minutes) for the RCs, 3 minutes (IQR = 2-4 minutes) for EMS providers, and 4 minutes (IQR = 3-6 minutes) for ED providers.
Eligible children 5764
Enrolled in cohort 4144
Final cohort 4091
Withdrawn from cohort 53 
Missed
DISCUSSION
We successfully created an infrastructure to prospectively collect paired observational information from EMS and ED providers caring for children who sustained blunt trauma. This represents an important step toward creating a pediatric CSI risk assessment tool that can be used in the care of children who experience blunt trauma and are cared for in the prehospital and/or hospital settings. Over an 18-month period of time at four EDs, we screened and enrolled more than 4,000 children evaluated after blunt trauma, obtained more than 1,000 observations from EMS personnel, and enrolled 74 children with CSI. Our cohort characteristics and incidence of CSI are comparable to prior studies that have evaluated children who sustain CSI after blunt trauma.
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We observed differences in the proportion of children receiving EMS spinal precautions, trauma team activation and/or cervical spine imaging between those children enrolled in our study and those who were eligible but missed for enrollment. This is in part a result of limitations of our screening and enrollment process. In all study centers, RCs could easily identify children arriving to the ED via EMS by visually monitoring ambulance arrival or by noting trauma team activation alerts, either by alphanumeric page or by electronic medical record notification. Only two sites provided RC notifications when cervical spine imaging was obtained. At the other two sites, identifying children who were eligible based solely on cervical spine imaging required continuous review of patient medical records to identify when images were obtained. As a result, study personnel were more likely to miss children who were eligible solely because of the use of cervical spine imaging. The presence of cervical collars may have also provided a visual cue for RCs to enroll children, leading to the higher proportion of these children in the enrolled population. Missed children were less likely to be discharged home from the ED. Most of our missed eligible children presented overnight, outside of our RC hours. Children presenting during overnight hours in the ED are more likely transfers from outside hospitals and/or involved in serious injury events and therefore have higher admission rates. The other differences in patient characteristics observed between our enrolled and missed eligible children were likely due to the means by which RCs identified eligible children, but also that the large sample size that allowed detection of small, clinically insignificant differences. Most statistically significant differences disappeared when comparing enrolled versus missed children diagnosed with a CSI and may have been a reflection of the small sample size of that subgroup.
The inclusion of EMS providers was an important component of our study. The Institute of Medicine (IOM) and leadership of PECARN have identified the prehospital setting as an area requiring increased research emphasis. 16, 28, 29 The IOM's focus on improving prehospital care in part led to the creation of the NIH Office of Emergency Care Research. Prehospital research faces numerous barriers, many of which were explored and identified by collaborators in this project. 30, 31 Among their findings and recommendations were issues that we encountered and addressed in the development of this study. A particular recommendation, "doing research with the EMS agency, not to the Data are reported as n (%). *Denominator equals children eligible for enrollment less those who were withdrawn from the study (5,711). CSIs = cervical spine injuries; EMS = emergency medical services; RC = research coordinator.
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EMS agency," was a guiding principle in our efforts. Our ability to collect information anonymously without a traditional informed consent process facilitated a high participation rate and allowed us to capture information efficiently, despite the setting of a busy ED and the need for EMS personnel to return to active service quickly. Our project is one of the first demonstrations of a research infrastructure in the United States designed specifically to obtain observational data prospectively from EMS personnel on children they have transported to the ED. Building partnerships with EMS agencies and personnel in the creation of this research infrastructure was a key to our study. Early in the development of our study design, we partnered with the largest EMS agencies affiliated with each hospital. We obtained early and timely feedback as we developed questionnaires. This facilitated ongoing EMS participation. We demonstrated a high overall capture rate of EMS personnel in our study with few refusals to participate. While we had a high EMS capture rate, future efforts will investigate methods to increase it, such as use of enhanced electronic notifications generated by the electronic medical record when potentially Data are reported as mean, median (lower, upper quartile) or n (%). CSI = cervical spine injury; EMS = emergency medical services. *Not mutually exclusive; more than one option could be selected.
eligible patients enter the ED. We anticipate that our partnerships will continue as we generate clinically relevant results from this study and share those results with the EMS agencies and personnel in a timely manner. This includes providing results directly to the local EMS agencies as data become available, informing them of the future studies being planned, and providing translational education aimed to improve the prehospital and ED care of pediatric trauma patients. Our method of data collection was a departure from prior prospective cohort studies within PECARN. Studies examining head injury or blunt abdominal injury relied on paper forms to obtain history and physical examination assessments from ED physicians. 32, 33 Paper forms have inherent limitations, the most significant of which is the potential for missing data due to responder omission or oversight. Missing data may introduce bias significantly impacting studies attempting to create clinical decision rules. Our electronic data capture system minimized the occurrences of missing data by requiring questions to be completed prior to progressing to subsequent questionnaire sections. PECARN investigators identified children at low risk for abdominal injury after blunt trauma and had to exclude variables from their prediction model that were missing more than 5% of the data. Likewise, one characteristic in the PECARN head injury study was that they were missing up to 16% of data for some variables. Using electronic data capture systems prevents missing data by requiring data entry, thus allowing us to differentiate between data that were inadvertently missed and data that are not routinely solicited when caring for these children. Missing data only occurred in our study if EMS or ED providers chose an incorrect response which prevented branch-logic-related questions from being displayed. This chiefly occurred when ED provider respondents indicated that a patient did not receive cervical spine imaging when they did, thus preventing follow-up questions and forms regarding imaging from being displayed. We were able to identify these occurrences and correct them post hoc, as we performed chart reviews for all enrolled children 3 weeks after the ED encounter to determine CSI status. Electronic data capture can also improve timeliness of data collection and may be preferred by users. 35 In this study, we had very low refusal rates from providers and the time to data lock was short.
While our study focused on an infrastructure for electronic capture of EMS personnel observations at the time of patient hand-off in the ED, the long-term significance of our efforts will be in the development of a clinical decision support tool for CSI that can be feasibly used in both the prehospital and hospital settings. Application of such a tool could lead to a reduction in the use of spinal precautions for low-risk children and reductions in unnecessary cervical spine imaging. The data generated from the PECARN head injury study has been widely implemented and has led to reductions in head CT utilization in many settings. [36] [37] [38] [39] [40] [41] [42] Our efforts to reduce spinal precautions and imaging have the potential to have a similar impact.
LIMITATIONS
Limitations of this study included the demographics of the EDs, as all four study sites are located in the Midwest of the United States and are free-standing children's hospital with American College of Surgeons trauma verification. This creates the potential for spectrum bias given the potential similarities in the characteristics of the children enrolled in the cohort and in the EMS and ED providers that made observations. We were also limited by our use of RCs to provide the tablets to EMS personnel while they were in the ED. We were more likely to miss children when EMS or the trauma team was not involved due to limitations of our screening process. We also had many instances in which EMS involvement was identified but where the RC was unable to establish contact with the EMS providers before they departed the ED. EMS personnel often had to leave the ED quickly to return to service, giving a very narrow window of time to engage them in completing the survey. Finally, we did not provide 24-hour RC coverage and our methods were dependent on RCs identifying eligible patients and administering the tablet survey to the relevant providers. This did result in a lower overall capture rate and small, but measurable differences in the demographic characteristics and mechanisms of injury for those that were enrolled versus those that were missed. We believe, however, that the enrolled cohort sufficiently represents the population of children who are evaluated for CSI after blunt trauma.
CONCLUSIONS
Our data collection method demonstrates the ability to capture prospectively paired observations from emergency medical services and ED personnel who are evaluating children at risk for cervical spine injuries after blunt trauma. These data will be used to create a pediatric cervical spine injuries risk assessment tool. Our methods will be used to develop, test, and implement this tool in future studies and can be a model for studies requiring prospective data collection from emergency medical services and ED personnel.
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